Western-blot analysis of Trichinella spiralis proteins were carried out with anti-HSP60-63 and anti-HSP90 antibodies. These experiments showed the presence of an homologue of HSP60-63 but no HSP90 homologue could be identified. Image analysis showed that HSP60-63 represented approximativey 4 % of the Trichinella proteic preparation. Immunofluorescence analysis on cryosections of infected muscles showed the presence of HSP60-63 throughout the body wall (except in the cuticle) and in digestive structures. On some sections, patches of fluorescence could be seen on the inner surface of the nurse cell membrane. In addition, the western-blot analysis of sera from two patients -out of 10 tested -showed antibodies against HSP60-63 recombinant proteins.
INTRODUCTION
T he role and importance of HSP in host-parasite relationship has been extensively analysed (Kaufmann, 1990 ; Polla, 1991) . HSP are major antigens of parasites such as Brugia malayi, Mesocestoides corti (Young et al., 1990 ; Ernani et al., 1993) . Ko et al. (1996) produced evidence of HSP synthesis in Trichinella larvae submitted to thermal stress and Boireau et al. (personal communication) have recently described a HSP 70 gene in T. britovi. If HSP synthesis during a physical or chemical stress is not surprising, nothing is known on the presence of constitutive HSP in crude Trichinella protein extracts. Previous western blotting analysis of Trichinella muscular larvae showed that most antigenic fractions were obtained between 45 and 90 kDa (Dupouy-Camet et al., 1988) . Therefore, we searched to identify and quantify HSPs 60-63 and 90 in Trichinella larvae proteins. 
MATERIALS AND METHODS
TRICHINELLA ISOLATE T he T. spiralis (TRLL, ISS 104) strain used in these experiments was obtained from one horsemeat related outbreak of 1985 and maintained in mice. Proteic preparations were made from larvae obtained after HCl-pepsin digestion from muscles of OF1 Swiss male mice infected 14 weeks previously. The larvae were washed several times with distilled water, ground on ice with a minihomogenizer, sonicated, and centrifuged at 2,000 g and 4° C for 30 min. The supernatant was lyophilized and its protein content determined.
WESTERN BLOT ANALYSIS OF TRICHINELLA
Proteic lyophilisates of Trichinella were solubilized in a sample buffer (2 % SDS, 10 % glycerol, 0.5 M Tris,phor, Hoefer Scientific Instruments, San Francisco, California), as previously described (Dupouy-Camet et al., 1988) . The membranes were blocked with Tris buffer saline (TBS: 0.05 M Tris, 0.15 M NaCl) contai ning 2 % glycine and milk (Regilait, Lyon, France) and cut into strips. Strips containing Trichinella proteins were incubated with a anti-HSP60-63 polyclonal antibody (StressGen, Victoria, Canada, SPA-805), prepared from the moth Heliothis virescens, and a monoclonal antibody anti-HSP90 (StressGen, SPA-845), prepared from rat spleen cells. Controls included HSP60-63 (StressGen, SPP-770) and HSP90 (StressGen, SPP-740) recombinant proteins. Positive and negative controls were these recombinant proteins incubated either with the cor responding monoclonal antibody or with sera from the animals in which the monoclonal antibodies were raised, respectively. Quantification of HSP content of a known amount of proteic crude extract (25 pg) was made by comparing patterns obtained with a known amount of recombinant HSP with an Image analysis device (Viber-Lourmat Image analyzer).
WESTERN BLOT ANALYSIS OF INFECTED PATIENTS
HSP60-63 and 90 recombinant proteins were solubilized in a sample buffer, analysed by electrophoresis, and then transferred to a nitrocellulose membrane as described above. These blots were assayed with sera of 10 patients infected by T. spiralis during the horse meat related outbreak of December 1993 (DupouyCamet et al., 1994) . These sera were taken out 3-4 months after infection.
IMMUNO-LOCALISATION OF HSP HOMOLOGUES
Frozen sections of Trichinella parasitized muscle, embedded in mouse liver, were prepared for immuno fluorescence studies with the polyclonal anti-HSP60-63. Anti-HSP60-63 and 90 antibody were diluted in Tris buffer saline (TBS: 0.05 M Tris, 0.15 M NaCl) contai ning 2 % glycine and milk (Régilait, Lyon, France). Antibody binding was assayed by an anti-rabbit fluo rescent antiglobulin (Sigma Chemical Company, St. Louis, Mi) diluted 1/100. Positive controls was a section of parasitized muscle incubated with a sera containing Trichinella antibodies. Negative control was a section of parasitized muscle incubated with a normal rabit serum (in which the HSP polyclonal anti body was raised) and then incubated with an antirabbit fluorescent antiglobulin (Sigma Chemical Com pany, St. Louis, Mi). After two washes with a phosphate buffer, the slides were examined under UV light.
RESULTS

T he western blot analysis of Trichinella spiralis
proteins with the anti-HSP60-63 polyclonal anti body, showed the presence of an homologue of HSP60-63 ; no HSP90 homologue could be identi fied with the anti-HSP90 monoclonal antibody (Fig. 1) . Positive and negative controls with the recombinant proteins gave the expected results. Image analysis showed that HSP60-63 represented approximatively 4 % of the Trichinella proteic preparation. In addition, the western blot analysis of sera from two patients -out of 10 tested -showed antibodies against HSP60-63 recombinant proteins. Immunofluorescence analysis on cryosections of infected muscles showed the presence of HSP60-63, under the cuticle throughout the body wall in struc ture which could be somatic muscles. Fluorescence was also seen in round structures, inside the worm, and which could correspond to digestive structures (oesophagus or intestine muscles?). On some sections, patches of fluorescence could be seen on the inner sur face of the nurse cell membrane (Fig. 2) . No HSP90 was detected by immunofluorescence.
DISCUSSION
T hese experiments show that HSP60-63 homo logues are important components of the pro teins of Trichinella larvae. Such homologues have also been found in other parasites: in Schistosoma mansoni, HSP60 homologues represented 2 to 5 % of the total cercarial proteins (Tielens et al., 1993) . The possibility that HCl-pepsin digestion of infected muscles could have triggered HSP synthesis, seems unprobable since larvae being immediately processed, the delay appears too short for a de novo synthesis. Moreover, the immunofluorescence assay confirms that HSP60-63 is constitutively expressed in intramuscular larvae. This assay also confirms that the HSPs detected in our experiments were truly of parasitic origin and not derived from bacteria which could have contaminated the crude extracts of Trichinella larvae. The presence of important amounts of HSP in Trichinella larvae could be a defense against the host digestive system. Moreover, as suggested for Schistosoma, constitutively expressed homologues of HSPs could induce a strong antibody response as these proteins are higly immu nogenics (Tielens et al., 1993) . Two patients (out of 10) had antibodies against HSP60-63 recombinant proteins. One of these two patients had antibodies against smooth muscle (1:100). Was this pre sence of antibodies coincidental or secondary to Tri chinella infection? Could the high fraction of HSP60-63 homologue in T. spiralis favour the occurrence of auto-antibodies, as suggested for mycobacterial infec tions (Tsoulfa et al., 1989; Haregewoin et al., 1991) ? Immunofluorescence assays possibly evidenced HSP60-63 homologues in the inner pan of the capsule. Ko et al. (1996) demonstrated the presence of HSP65 in excretory/secretory products of Trichinella. The cestode parasite Mesocestoides corti is known to release at the larval stage several molecules including HSP70 and HSP60 (Ernani & Teale, 1993) . Our results suggest that HSP could be present in the parasitised muscle cell ; but are these HSP homologues from parasitic origin or witnesses of a suffering parasitised cell? This point could be clarified by using monoclonal antibodies raised against Trichinella HSPs. Bornman et al. (1995) showed that heat shock proteins could be involved in muscular diseases pathogenesis by inter fering with the metabolism of the muscular cell. Could HSP proteins of Tricbinella origin interfere with the metabolism of parasitized muscular cells ?
